I review auditory neuropathy (AN), an auditory temporal processing disorder, drawing upon lessons from patients, from temporal bones and peripheral nerves, and from the genetics of the disorder. The auditory temporal processing disorder affects speech comprehension and localization of sounds that can be disabling. Audibility is typically not the majoy problem. The criteria for diagnosis are physiological and include (1) abnormal auditory nerve function refl ected by absent or abnormal auditory brainstem responses (ABRs) and (2) normal cochlear outer hair cell functions refl ected by cochlear microphonics (CMs) and/or otoacoustic emissions (OAEs). The tests are relatively simple, and the results are typically unambiguous, encouraging the recognition of AN from diverse etiologies. The cochlear sites that are affected include auditory nerve, inner hair cells, or their synapses. Type I AN is a postsynaptic disorder involving both the number and functions of auditory nerves; Type II AN is a presynaptic disorder affecting inner hair cells' ability to form and/or release neurotransmitters. Inherited forms of AN are diverse. Temporal bone studies of postsynaptic forms of AN show a marked loss of auditory nerve fi bers with accompanying demyelination whereas both the number and morphology of inner and outer hair cells are preserved. There are as yet no temporal bone studies of presynaptic forms of AN.
Introduction
A young, 8-year-old girl with a puzzling hearing disorder was referred to me in 1988 by Manny Don and Yvonne Sininger from the House Ear Research Center. She had normal audiometric pure tone thresholds but impaired speech perception. She was identifi ed as having hearing problems by her teacher when her performance in class declined. She is named, metaphorically, "Eve," as our fi rst patient with "auditory neuropathy." She described her problem as "I can hear but not understand." We studied her in detail for the next 2 years and identifi ed that she had an auditory temporal processing disorder, absent auditory brainstem potentials, and preserved cochlear microphonics, consistent with auditory nerve dysfunction in the presence of normal cochlear receptor hair cells. The article about "Eve" was published in 1991 and needed nine authors to defi ne the condition [1]. Dr. Berlin from the Kresge Hearing Center in New Orleans published a report in 1993 on this same type of hearing disorder and localized the problem to the type I afferent auditory nerve fi bers [2] . He organized combining of our efforts and invited our group to come to New Orleans and see some of their patients together. Most of the patients had accompanying neurological disorders that affected their peripheral nerves, and we presumed their auditory nerve was also affected. The exceptions were patients with normal peripheral nerve function, indicating that the dysfunction of the auditory nerve could also refl ect a consequence of disorders of inner hair cells and their synapses with auditory nerve. We wrote an article describing their common features succinctly entitled "Auditory Neuropathy" [3] .
The unexpected combination of absent or abnormal auditory brainstem responses (ABRs) and normal pure tone audiograms had been noted previously, beginning with Hallowell Davis and S.K. Hirsch, who estimated its incidence was 0.5% in hearing-impaired subjects [4] . Kamitaka Kaga, who is feted in this volume, correctly localized the disorder to the auditory nerve in two elderly patients in 1996 who also had involvement of the vestibular nerves [5] .
Auditory neuropathy patients have a wide variety of pure tone hearing loss and in many, speech is impaired out of proportion to the audiometric loss. The fi nding of absent ABRs when thresholds were elevated to a mild or moderate degree was a paradox because ABRs were being used then, and are still today, as an objective screening test for "hearing." The ABR is more precisely an objective measure of the integrity of function of the auditory nerve and brainstem auditory pathway structures [6] . The information derived from the ABR can provide insights into underlying mechanisms of hearing and its disorders.
The First Lesson: "Time is of the Essence"
The ABR is a measure of brainstem and auditory nerve functions that depends on precise neural encoding of auditory temporal cues. Neurophysiological studies have shown that the neurons in auditory nerve and auditory brainstem structures such as the cochlear nucleus and superior olive are sensitive to microsecond changes of the acoustic signal. The neural code for such temporal events provide signals for such daily processes as speech comprehension and localizing sound sources. The failure to defi ne an ABR in auditory neuropathy (AN) subjects who can hear the clicks may be related to the failure of the auditory nerve to discharge at the
